In Vietnam, numerous surveillance programs are conducted to monitor the 24 prevalence of avian influenza (AI) viruses. Three serological methods-the 25 agar-gel immunodiffusion test, hemagglutination inhibition (HI) test, and 26 enzyme-linked immunosorbent assay-are well established for detection of 27 AI virus antibodies in poultry sera. Several recent reports have validated egg 28 yolk as an alternative source for detection of AI virus antibodies. In this 29 study, we investigated AI virus antibodies in ducks by HI testing using egg 30
Japan 17 using low pathogenic avian influenza (LPAI) viruses (H3, H4, H6, H7, H9, 33 and H11 subtypes) and highly pathogenic avian influenza (HPAI) viruses 34 (H5N1 clade 2.3.4 and 2.3.2.1) as antigens. HI testing for H3, H6, and H9 35 was 29% positive in November 2010, 50% positive in October and November 36 2010, and 12% positive in June 2011. These results indicated that several 37 epidemics of LPAI viruses had occurred during the study period. In addition, 38
antibodies against H7 were negative. The results of HI testing for H5N1 39
showed that the reactivity of the dominant HI antibody shifted from H5N1 40 clade 2.3.4 to clade 2.3.2.1. In conclusion, egg yolk is useful for long term 41 genetically modified reassortant H5N1 virus, differentiation between the 81 virus in infected and vaccinated poultry is difficult when measuring the 82 antibody response against HA. To monitor the prevalence of AI viruses in 83 ducks, we collected duck eggs from markets in Hanoi, and examined 84 hemagglutination inhibition (HI) antibodies using LPAI viruses as antigens. 85
In addition, to investigate whether the reactivity of HI antibodies was 86 different between different clades of H5N1 viruses, we performed HI testing 87 using HPAI H5N1 clade 2.3.4 and 2.3.2.1 viruses as antigens. 88 89
Materials and methods 90

Sample collection and preparation of egg yolk 91
In total, 2,378 duck eggs were collected in Hanoi from April 2010 to 92
March 2012. Ten eggs were obtained from each of the 10 randomly selected 93 markets every month to yield 100 eggs. For yolk immunoglobulin extraction 94 using a simplified chloroform polyethylene-glycol procedure, 2 ml of egg yolk 95 was mixed with an equal volume of phosphate-buffered saline, and thenadded to 4 ml of chloroform (Polson, 1993) . After mixing well, the yolk was 97 centrifuged at 3,500 rpm for 10 min. The supernatant was collected and used 98 for antibody tests. 99 that there was no effect of the NA subtype on HI testing in this study. 135
Virus and antigen preparation
From April 2010 to March 2012, the positivity rates of the yolk antibody 136 against LPAI viruses were 1.98% and 7.7% for H3 and H6, respectively. The 137 other subtypes showed lower than 1% positivity (0.25%, 0.42%, and 0.67% for 138 H4, H9, and H11, respectively) ( Table 2 ). An antibody against H7 was not 139 detected in egg yolk. H6 (7.7%) was the most frequently detected HA subtype 140 in ducks. samples from layer ducks is stressful to the ducks, which causes economic 174 losses by reducing egg production. Therefore, it was necessary to establish 175 an alternative source of AI virus antibodies other than serum. Thus far,some studies have attempted to resolve this issue by using egg yolk. Egg yolk 177 antibodies in chickens are a good alternative source for detection of the AI 178 virus antibody (Beck et al., 2003) . Furthermore, as an alternative to serum, 179 egg yolk is a feasible and recommended source for monitoring the AI virus 180 antibody in ducks (Jeong et al., 2010) . To our knowledge, this is the first 181 report to detect AI virus antibodies using duck egg yolk for long-term 182
monitoring. 183
H5N1 vaccination has no effect on LPAI viruses. Therefore, the presence 184 of antibodies against LPAI viruses in ducks indicates infection with LPAI 185 viruses. We found that there were apparent epidemics of H3, H6, and H11 186 subtypes in Hanoi between April 2010 and March 2012 (Fig. 1) . On the other 187 hand, we did not detect the H7 subtype. In this study, we used H5N1 clade 188 2.3.4 and 2.3.2.1 viruses for the HI antigen. These viruses showed low 189 cross-reactivity in the HI test (Nguyen et al., 2012) . Our data showed 190 changes in the reactivity of antibodies against H5N1 viruses in egg yolk (Fig.  191 2). From April 2010 to October 2011, the HI antibody positivity rate for the Vietnam is a neighboring country. The H7N9 virus is asymptomatic in 209 poultry, and it is difficult to monitor H7N9 virus in poultry. Therefore, the 210 surveillance of H7N9 virus is a very important issue in Vietnam. Egg yolk is 211 a more practical source for the surveillance of AI virus antibodies in poultry. 212
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